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triglyceride content [7] [8] [9] [10] . Given its rapid metabolism, organ fat specificity, and simple measurability, EAT serves as a modifiable therapeutic target for medications modulating the adipose tissue, such as the glucagon-like peptide-1 (GLP-1) receptor agonists [11] . In addition to providing control of diabetes mellitus, GLP-1 receptor agonists have shown to provide weight loss and cardiovascular protective effects [12] [13] [14] [15] . Clinical trials found that GLP-1 receptor agonists as a class reduced major adverse cardiovascular events [12] [13] [14] [15] . We recently showed that add-on therapy with liraglutide, a once-daily GLP-1 receptor agonist, significantly decreased EAT thickness by almost 30% after 12 weeks in subjects with T2DM [16] . A milder reduction of EAT thickness was also reported after 12 weeks of treatment with exenatide, a once weekly GLP-1 receptor agonist [17] . Remarkably, human EAT expressed the GLP-1 receptor (GLP-1R) gene and protein, suggesting that EAT reduction can be mediated by a direct effect and activation of GLP-1R [18] . Long-acting GLP-1 receptor analogs, such as semaglutide and dulaglutide, are convenient and effective therapeutic options given the ease of weekly administration and the benefit of weight loss [19] . However, to date, there are no data on the effects of either semaglutide or dulaglutide on visceral fat. The roles of semaglutide and dulaglutide, respectively, on EAT are also unknown. Hence, in this study, we sought to evaluate the effects of weekly semaglutide and dulaglutide on EAT thickness in overweight/obese type 2 diabetics. Epicardial adipose tissue served as a marker to explore the effects of these weekly GLP-1 receptor agonists on visceral adiposity.
Materials and Methods

A. Study Design
This was a 12-week parallel group study in a total of 80 patients: 60 overweight/obese (body mass index [BMI] ≥ 27 kg/m 2 ) type 2 diabetic subjects inadequately controlled on current diabetes treatment and 20 overweight/obese individuals newly diagnosed with T2DM who served as the control group. Patients were treated with the standard of care during routine clinical practice. Data were obtained from electronic medical records.
B. Patients
Subjects were screened among those routinely referred to the University of Miami Division of Diabetes, Endocrinology, and Metabolism outpatient clinic. Data were collected from electronic medical records.
There were 3 study groups: 30 patients who received semaglutide in addition to their current diabetes regimen, 30 patients who received additional dulaglutide, and 20 patients who were started on metformin and received dietary recommendations.
Patients were allocated to either semaglutide or dulaglutide based on preference or medical insurance coverage. All patients received diabetes education as part of the standard of care and were advised to continue their usual physical activity. The study was approved by local institutional review board (IRB # 20190944) and conducted in accordance with the Declaration of Helsinki and Good Clinical Practice guidelines. The study has been registered in www.clinicaltrials.gov (NCT04200625).
C. Inclusion and Exclusion Criteria
Patients were started on semaglutide or dulaglutide on the basis of the following inclusion criteria: type 2 diabetes, BMI ≥ 27 kg/m 2 , and age ≥ 18 years old. Exclusion criteria were the following: type 1 diabetes; concurrent use of dipeptidyl peptidase 4 (DPP-4) inhibitors or other GLP-1 agonist receptors; a history of diabetic ketoacidosis; or known contraindications to GLP-1 receptor agonists, such as a previous history of pancreatitis or medullary thyroid carcinoma, a personal or family history of multiple endocrine neoplasia type 2, acute infective diseases, cancer or chemotherapy, use of systemic corticosteroids within the 3 months prior this study, a known or suspected allergy to semaglutide or dulaglutide excipients or related products, pregnancy, breastfeeding, or the intention of becoming pregnant.
D. Study Procedures
D-1. Medication administration
Injections were self-administered weekly, subcutaneously in the abdomen at any time of day irrespective of meals. Injections were administered on the same day of the week. Semaglutide was started at the dose of 0.25 mg for the first 4 weeks and then titrated up to the maintenance dose (0.5 or 1.0 mg once weekly). Fifteen patients achieved the 1.0 mg dose. Patients were started on dulaglutide, 0.75 mg, for the first 4 weeks and then continued at the same dosage or titrated up to 1.5 mg once weekly. Fifteen patients achieved the 1.5 mg dose.
Controls were started on metformin at the dose of 500 mg once or twice daily, depending on tolerability. Once maintenance doses were reached, they were not changed during the course of the study. Adherence to the drugs was assessed by a monthly phone call or e-mail correspondence with the patients. Patients were instructed to maintain the same dosages of their other diabetic medications during the 12 weeks of the study.
Ultrasound measurement of the epicardial fat thickness. Each patient underwent an onsite transthoracic ultrasound measurement of EAT thickness at baseline and at the 12-week follow-up visit. Epicardial adipose tissue thickness was measured according to the method first described and validated by Iacobellis et al [5, 6] . Briefly, EAT was identified as the echo-free space between the outer wall of the myocardium and the visceral layer of pericardium. Epicardial adipose tissue thickness was measured perpendicularly on the free wall of the right ventricle at end-systole in 3 cardiac cycles. The parasternal long-axis view allowed for the most accurate measurement of EAT on the right ventricle, with optimal cursor beam orientation in each view. Maximum EAT thickness was measured at the point on the free wall of the right ventricle along the midline of the ultrasound beam, perpendicular to the aortic annulus, used as the anatomical landmark for this view. The average value of 3 cardiac cycles was calculated and used for analysis. Intraobserver reproducibility of the measurement of EAT was assessed by the intraclass correlation coefficient. The echocardiographer performing the follow-up measurement was blinded to the baseline EAT thickness value.
Physical examination. All anthropometric measures were routinely obtained by the nurse or physician assistant at each visit. Height (in cm) and weight (in kg) were measured and BMI was automatically calculated as weight in kilograms divided by the square of height in meters (kg/m 2 ). Blood pressure was measured in the seated position using an automated cuff and digital readout. Resting heart rate was also measured at each visit.
Laboratory tests. HemoglobinA1c (HbA1c) and the fasting laboratory analysis of a comprehensive metabolic panel and lipid profile were obtained from all individuals at each visit as the standard of care. Fasting c-peptide was calculated in the two GLP-1 receptor agonist groups at baseline. Patients were advised to monitor their capillary glucose once to twice daily.
E. Statistical Analysis
The primary outcome of the study was a reduction in EAT thickness on semaglutide or dulaglutide compared to control. The secondary outcome was a change in HbA1c during treatment. Our group previously showed a statistically and clinically significant change in EAT thickness in 54 patients treated with liraglutide, a once-daily GLP-1 receptor agonist [17] . Based on these data, we assumed that a difference of at least 1 mm in EAT thickness was clinically and statistically significant. Hence, using a significance level of P < 0.05 and 90% power, the current study sample size was sufficient to detect a statistically significant difference in EAT between the treatments. Continuous variables were considered as means with their standard deviations (SDs) or medians. A two-sample t-test with a 95% confidence interval (CI) for difference was performed to evaluate differences between the baseline and 12 weeks within each group. Nonparametric tests were used to calculate changes in EAT and other study variables between groups. Relations between study variables were calculated using simple linear regression analysis. Two-tailed P < 0.05 indicates statistical significance. The intraclass correlation coefficient of the EAT measurement was 0.90, indicating good reproducibility and reliability. Statistical analysis was performed using IBM SPSS Statistics 26, IBM Corp, Armonk, NY.
Results
A. Baseline
Main baseline clinical characteristics of the patients are summarized in Table 1 . Study groups were quite homogenous. There were no differences in EAT, age, ethnicity, c-peptide, lipids, blood pressure, heart rate, other diabetes drugs, lipid lowering and blood pressure medications, renal or liver function tests, and diabetes history between the semaglutide and dulaglutide groups. However, HbA1c was higher in the dulaglutide group than in the semaglutide group (< 0.01). When compared to controls, EAT thickness was significantly higher at baseline in patients on semaglutide and dulaglutide (P < 0.01) despite no statistically significant difference in the BMI between the 3 groups. Patients in the GLP-1 receptor agonists groups were also older, with a longer duration of diabetes and with a higher HbA1c than controls, as expected. Physical activity did not differ between the groups, as most of the patients were sedentary to moderately active. Although the diet varied according to the different ethnicities and habits of the patients, no significant differences in carbohydrates or calorie intake between the groups were detected at baseline.
B. Intervention
Changes in study variables are reported in Table 2 . Each group had 2 patients lost to follow-up. Statistical analysis was performed only on patients who completed the 12-week study.
Epicardial adipose tissue thickness decreased significantly in both the semaglutide and dulaglutide groups after the 12 weeks (P < 0.01 for both), accounting for an approximate 20% reduction in both groups, whereas there was no significant reduction in EAT thickness in the metformin group. Table 2 showed the cumulative effects of semaglutide and dulaglutide regardless of the medication dosage.
Body mass index decreased in all groups without reaching statistical significance, reflecting an approximately 5%, 6%, and 4% reduction in the semaglutide, dulaglutide, and metformin groups, respectively. HbA1c and LDL were also reduced in the semaglutide and dulaglutide groups without reaching enough statistical significance. Blood pressure and heart rate were overall unchanged during the study.
The effects of the different doses of semaglutide and dulaglutide on EAT thickness were then analyzed. Fifteen patients in the semaglutide group and 15 patients in the dulaglutide group reached the maximum medication dosage: 1 mg for semaglutide and 1.5 mg for dulaglutide, respectively. Epicardial adipose tissue showed a further statistically significant reduction in these patients, P < 0.01 in both groups (Fig. 1) . Body mass index reduction was higher in patients receiving the maximum medication dosages (approximately 12% in both groups). HbA1c reduction was statistically higher in those receiving semaglutide, 1 mg, as compared to patients using dulaglutide, 1.5 mg, once a week (< 0.01).
In a univariate analysis in the semaglutide group, the change in BMI from baseline to 12 weeks was the strongest predictor of change in HbA1c. In the dulaglutide group, neither a change in EAT thickness or a change in BMI correlated with change in HbA1c over the course of the study. 
C. Safety
Six patients (2 from each group) were lost to follow-up. Four patients allocated to either dulaglutide or semaglutide withdrew after 2 to 4 weeks, as they were experiencing nausea. Two patients who were started on metformin discontinued the medication because of diarrhea or bloating. Most of the patients were able to tolerate the maximum dosage of the drugs in each group. No serious adverse events occurred and no patients required hospitalization during the study.
Discussion
In this study, we showed for the first time that 2 once-weekly GLP-1 receptor agonists, semaglutide and dulaglutide, each induced a significant reduction of ultrasound-measured EAT thickness. We also found that the reduction in EAT thickness was dose-dependent in both the semaglutide and dulaglutide groups. This study was designed to reflect a real-life clinical scenario. Weekly GLP-1 receptor agonists, semaglutide and dulaglutide, are effective and convenient therapeutic options to improve glycemic control, induce weight loss, and reduce cardiometabolic risk in type 2 diabetics. This study shows, for the first time, that semaglutide and dulaglutide each significantly reduce EAT thickness over 12 weeks.
EAT has shown to be a modifiable and measurable cardiovascular risk factor that is thicker in subjects with diabetes, owing to its strong correlation with visceral adiposity and insulin resistance [7] [8] [9] . Due to its peculiar anatomical location and proinflammatory transcriptome, EAT plays a key role in the development and progression of atherosclerosis and coronary artery disease [20] . Epicardial adipose tissue has been associated with fatal and nonfatal coronary events regardless of the traditional cardiovascular risk factors [21] . Remarkably, diabetic EAT has a peculiar proatherogenic transcriptome, as recently reported [22] .
Our group previously showed that daily GLP-1 receptor agonist liraglutide added to metformin induced a large (approximately 30%) and rapid (after 12 weeks) reduction of EAT thickness in subjects with diabetes and obesity [16] . Hence, findings of this current study are parallel, as epicardial fat thickness significantly reduced in size, although by a smaller but still impressive 20% after the 12-week treatment with semaglutide or dulaglutide. This may imply a class effect of GLP-1 receptor agonists on EAT. The higher EAT shrinkage that was observed with liraglutide [16] could be simply due to the different formulation or other factors that could make EAT less responsive, such as worse glucose control and a longer duration of diabetes. Epicardial adipose tissue activity can be downregulated in advanced chronic diseases, as we observed in severe coronary artery disease [3] .
Consistent with the SUSTAIN 7 trial [19] , patients lost weight on either semaglutide or dulaglutide. However, the extent of weight loss was smaller as compared to the reduction in EAT thickness (approximately 5% versus 20%), suggesting a possible independent effect of the medications.
To support this hypothesis, we have recently demonstrated that human EAT expressed GLP-1R gene and protein [18] . RNA-sequencing and quantitative real-time RT-PCR were performed to evaluate the presence of GLP-1R in EAT obtained from subjects with diabetes and coronary artery disease who were candidates for an elective coronary artery bypass graft [18] . Immunofluorescence clearly confirmed the presence of GLP-1R protein within EAT, whereas the signal was absent in the subcutaneous fat sample obtain from the same patient [18] . GLP-1 receptor agonists effects may therefore be specific to visceral fat, including EAT. The mechanisms behind the fat reduction in response to the GLP-1R activation are unclear. It has been also suggested that GLP-1 promotes EAT preadipocyte differentiation, improves insulin sensitivity, and stimulates EAT thermogenesis and adipocyte browning [23] [24] [25] . Interestingly, a correlation between epicardial fat GLP-1R and genes encoding for brown fat activity and fatty acid oxidation has been recently reported [26] . It is plausible that the GLP-1 effect could be specific to visceral fat. One study showed that exenatide, a first generation weekly GLP-1 receptor, induced the reduction of EAT and hepatic triglyceride content [27] . GLP-1 receptor is expressed in the adipose tissue and mRNA, and protein expressions are increased in epicardial and other visceral fat [18, 24, 28, 29] . The drug-induced browning effect on EAT certainly warrants further investigation.
Also consistent with the SUSTAIN 7 trial, we found that the quantity of change in outcomes was dependent on the medication dose [19] . In fact, EAT decreased more when both medications were titrated to the maximum dose, although we did not observe any meaningful difference between the higher dose of semaglutide compared to the higher dose of dulaglutide. Weight loss was also substantially higher with semaglutide, 1 mg, and dulaglutide, 1.5 mg, respectively.
As excessive EAT is well-correlated to higher cardiovascular risk, we can speculate that our findings can provide a potential explanation on the mechanisms behind the cardioprotective effects of semaglutide and dulaglutide [18] . However, this hypothesis should be evaluated further with larger studies.
Conclusion
In conclusion, we showed for the first time a substantial, rapid, and dose-dependent reduction of ultrasound-measured EAT thickness with both semaglutide and dulaglutide.
Our results may open new avenues in the clinical use of weekly GLP-1 analogues that may go beyond the current indications. Given its peculiar properties and rapid responsiveness, ultrasound-measured EAT may serve as a routine therapeutic target for medications modulating adipose tissue in patients with T2DM and obesity.
A. Study Limitations
This was not a randomized clinical trial and no cardiovascular outcomes were evaluated. A randomized clinical trial would be desirable. However, these preliminary data could have an immediate application. Our study could serve as pilot for a future randomized clinical trial. Some results may have reached statistical significance with a larger sample size. Although its advantages overcome the disadvantages, echocardiography measurement may have some limitations. Echocardiographic EAT is a linear measurement at a single location and therefore may not reflect the variability of fat thickness or total EAT volume as measured by computed tomography. No other visceral fat depots were measured in this study. However, EAT thickness by ultrasound has been shown to nicely correlate with waist circumference and intra-abdominal, intrahepatic, and intracardiac fat and serve as a good surrogate marker of visceral adiposity [1] . Despite the study groups having similar demographic characteristics, we cannot rule out the presence of confounding variables. Hence, the study results should be interpreted with caution.
